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| (54) Title: AN ULTRAWIDE-BAND COMMUNICATIONS SYSTEM AND METHOD 
| (57) Abstract 

, An impulse radio communications system using one 
or more subcarriers to communicate ™<>™*™ .J" 
impulse radio transmitter (901) to an impul^ rad^ receiver 
(1400). The use of subcairieis provides unpuUe radio trans- 
missions added channelization, smoothmg and fi^l.ty^ Sub- 
carcien of different frequencies or waveforms can beusea 
S^channeUxatioo of impulse radio signals. The impulse 
radioes modulated «ubcarrier<») for time P^u^g » 
periodic timing signal or a coded timing signal. Atterna- 
' tivelTL coded timing signal can be summed or mixed with 
| Ki^ubcarrteriotnd the resultant sigr^u ^used 
to time modulate the periodic unung "P^Dircei fcgrtai 
modulation of data is another form of surfer moduUaor. 
for impulse radio signals. Direct digital modufcuco car, be 
used alone to time modulate the periodic ummg Mgn^ or 
the direct digitally modulated periodic tuning 
further modulated with one or more modulated subcamer 
signals. 
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9 9 9, 8 0 0. 04Hz. 9 9 9, 9 0 0. 0 1 Hz % 1, 0 0 0, 1 0 0. . 
01Hz, 1, 00 0, 20 0. 0 4Hz£ft5 o -f If I4>f • 7 5* 

c/4<nm%CV&m£ftZ> (f ctt^JBStft) o *'WB«*1. 3GHzC0^ 

y /u-ew:, :htt±i57 (ps) ^B#mtt«2cwr*j-jcs-*-«). 

MISS K> ^ • x >< If 

l/oy ht»*>* 0 H4I1 EI2BiJ*«Lfc»£\ *W^"fb<f#(-»LT2 5 6 



(35) 



HfrmW-l 0—5 0 8 7 2 5 



II. 5 S«33J:t/ffiia 



II. 6 SS^ISSttt 

HI 5 14-C • 7 t?*ft * 5 0 4 tcmfi: Ufc"^ a -s< V KIEffi&^S (=F 
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fcS. 



ii .7 

/^KII»W1?**. 10kH.»WI^K«tl6MH.«)ft 

• ^> K«**i-6a«5'-*>'**«*' < * ww • f 1 6 0 

0tfcl43 2dB«««l*#ftf»il6. L*»U BClOkH.Ol^K 

btb, *3»W»tt2 0 0,0 0 0*fcf45 3 d B"C*>*. 
.*-f** (fljtlfO. 5%) 1*2 8. SdBOJOWIW*^ 

mWbfr*. o*<3, WBO + ntfyh (kbp s) ^IftSlOmpp 
, y^-C2GHz*«*i, 4 9dB©M»#«#^ Wfe, 

o. 6*y»*'<**K*iwiioo*y»-e«*J:o. ~-t- < ■ + 

.4 5 0, OOObpstlOmpps^t^^fc' 20 



4*«qil 0-508725 
II. 8 ^fi 

ttZffiBSfijiKlft (cross correlater transfer function) j 6 0 2^t„ w 

o 

Ksrfafice o/ rtt Estimate « ^ W 

1 1. 9 -^vV^v^SSJltfftKft 




(38) 0-508725 

i-rs&s<;u*<Dift&<Dm&* o. 3* — h^*fci±i 7>r-ht-«Lv> (in 
*,it;»x 3 0 0, ooo, ooom/t) Q (IE 7 r^^i 

U^y^*»©*t©»*, *»43 0 0, 6 0 0, 9 0 
fo6<£5(-, • (grazing path) &fct>*) , ^f^^ 

III. 1^*-* VTCO&W 




tfc&W- 10-508725 

in .i iMtmft' 

r.ttbO^«tt'>^< *b> 7^** " Tl-uy, tV*** 

III. 2 1 f^y^^-C^-^^^ KHMtt"C0>3fcft 
r£o *«5W«C«59^JB**(RF : radio frequency) ftttffl fco t b - 

;* • XBWtrttlllJR 0 7/3 6 8, 8 3 1 




0-508725 

AWftSW^o y^B|dSBI9^BI^L-C*56 0 ¥— (fcU"^** !> T • • 

!7-T hvo K • • 5^*- • ^^>*^S:«ffli-5356«*9 0 l 

S9 0 3#H*lTfc5, 3MIB9 0 li:ft*ll9 0 3tt«*.«fflft, fflIB, * 

m»9 o aMisftfe^^^ • 9 0 7ne* 

IK»9 0 5 «rtt* LTaSMt* 9 0 l*>fcS«»9 0 3^*i-*. 
III. 2. a 2Ht* 

&<f§§9 0 114, ^28* ^ 0 0 4Z±J&-rZ>tifm-<-* 10 0 2 

IB1»»«BII»*fcr±PI|lloH**r4tr. vcO*^««**»W+««EtWPtt 

tc«IEB#^irs/ b^nSo «JB^>r 0 0 4143-K ■ 10 0 
6 t KI*BSSH»1 0 0 8^M$K5. 

=i— K • y-*l 0 0 6 14, BL2SEPN=i-K«:IE«i-S^«)fc=-K«#l 0 

1 0 i lTPN3-KtBAt5fcW, • T^t^ • (RAM 

) % u-k • *>V- • t^U (ROM) *<&IB«S6K*:<£tf. a 

*ft->7 h i/^^tMUPNa - KfctlJti 5. a-K- 0 0 

6\*mM9'< 5^fll »1 0 0 4 LT = — K« # 1 0 1 0 — KWfFH 

krsi o o 8icwjms*Swi:*-e*a. =-K«pnn*«*i o o 8tt=-K 

«*1 0 1 OtfflV^T, 1 0 1 2Wfir^Wt^^ 

-it^mizitoizmmfj s o o 4«r2emi-So =— k«pimb««i 
oo swia^iim^^ o i 4<tPf(**x 




10-508725 

$&y-* ioi8^ y r»£*#j:tfCT*i o 2 2 -ft 0 

2 0^MtSo «8ffitl 0 2 0lt x-^x ■Mk»*»*?1-9 f ^^/i' 

^its^ims. ff*fb*^ 5 0 1 4 ^ yr^K 

NSlOl 6^H, Ma«fc*l«Ufct<OlcttWfeA»ttJ: 5tw, «EE % 

f** * y >- (Dixon) as£*Lfc.fc 5 1^=^ V 7J4 U r&mt &m 

f^t9 7*±**iJ:t«!l»i 0 2 2fittf««*i 0 2 O-eKWSnSKW 
*rzf*rf)T\%^\ 0 2 4tt*U Ht^^UTMl 0 2 4£lf:/3r-r 

yrmm&msi o 1 e^««i-s. 9, mm-v-?** J7«i 02414 
tc-fr;/**y7i*r*8EOT»i 0 1 6 3fts«^i-s 0 t/= 3 rty7^f«i 0 1 

1 0 2 6^«U w*i3ftsm*H:l 0 2 8^m$tt5o 
ttirtffcl 0 2 814, h y LT£W«#<ffcLfc*-< S >^«*1 0 2 6 ^ft 

, 0 3 2Sr»*L-caj«r 0 3 o^amsixs. 

-f^/u • /^u^f4^ffT>-r^l 0 3 0 iCioTfe^SmB^/i^C^bl-S 
o *MS«fc*5V*-C, WB^^ttlk»«#l 0 1 2fc*tf*i, 
16«^*5V^Ttt, g«*Ofi»«E*9 0 s^ir-fy^ • 7^*flT« ( 
Hj^LTVN*^) »iB3t»ffiliwS3l^, J***«*l 0 1 2(4!7-r K 

Kifctt^A' h7 • hVOKSf-CfcS. L*>U 1 0 1 2*4 

, ^y ^yu • /^W7-</^ y ^^tw«t b^^I^r^#6 0 
> • 7 4*^9 y >i/-c#^o^y 1J->f ^ ■ ^A-^14, B#PiU Ky -f >\z 





(42) 10-508725 

*^-r yr**«feJ:if*ii* r«j 1 o 2 2 (oa^iH 9 0 1 ^<omtiN*& 
J: tf* a- ^fr S/*^ A tcjftffc it , ^ < oif*-CW«o-f i"<*> 

* • 7^ • ^^>^^^ii^D*s-c#So y rcompn, ^-^^k 

, #jR^3Cnfi5tBB»(non- linear modulation tranfer function) \Z <fc 5 i^i^iS 

fciliDTfc*. «*aMMFJttt, ^mt!)7 • yiS*mmki£ 

(RUT, 5^V>L2 0dB W-n— ^/^MB** y TO* #*Mt*ltfc«#-r 
6) ^I^S. 

flfe*^3itx*B»i o 2 2imttft%n (FM) , amen (am) % ttttxn 

, A&ftX&Xffil (F SK : frequency shift keying) , ffiffiX&XlH (P SK 
: phase shift keying) , s<;l<*FM s -tOfdlOfitflfK £ 9 W«« # 1 0 2 0 ~C 

y T«# 1 0 2 4 £$g£i-£o f-^^r^ y TB*BB3E«I» 10 16 USE 
f^iry^f^ y 7«*§-l 0 2 4^LT^{^^^^If 1 0 1 4 (B/^U* 

*<ateomE&^ y 
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rfcL-C*MB-C**. &mD-7**»Tm^l 0 2411 ft^it*^ i>?m£r 
1 0 1 4^>V^©ttt^W H V>'7 h-T^fc^lCih^^-v U 7B*Pfla?f««l 0 1 

6-c«m-s. maa cow, mmwftikLtzfof ^>^t^i o 

7 y*©*— f <DM&&i%-Z>o % 1 <E>*m& 1 or^f * * y - Y 

(7) 1 oOZE^ffii^^^f -y y TZmtkl-Z-f-?** y 78tWiMH 10 2 

<tl*S'JT\ f 2tOf>f^^ y- b«jftftOlo<7>jEKtt1h^^-f y 7£r$§£1-<5 
y 7&±&*3£Xfi&m&l 0 2 2^t5^f^;^ • 7 ^*~csMti- 

<5 e KTOIII.2Cb)-fe^->a>-e»J«»cRMi"6±5«v, -< • 7 ^tf-g 

-h<f#j&s±f££;h,So r>yu- Mf -§-12, 5SI«»coRfeiOPN3- KCLt 



(45) 



10-508725 



6 K . 94 i i 2 o s-aa-i-a. =»- k • * f^sn* 

1 2 O 81412 1 0 CD* - K*m*iW*1^** !> T*IM»1 0 1 6©if6 
**ff i-*. =- K • 94 * ^*WI 1 2 0 8 .4— y T« # 

1 2 0 6 feJBv^-CMJB^-f 5 1 0 0 4 *«MU *«MHbL*:*-f 5 

1 0 2 6 fc384i-5. 0 1 2 <0»« 8*>gi 9 u> b «H 1 0 twBB 

* b fc9JO«i*K*V-C, IMHI#lO20t»v^ 3 -Klltl 

oio*:iE*«:wrarfc«*.*. r*t#ni 3fcB*L-c*>». »i 2 

0 2» 3 -K«*1010i«Hli*1 0 20tt« (»») ^ 

1 3 0 2 ****-« * 5 fc«*U-Cfc*. =- K • * vr«Hil 2 0 8 ,4 

, «Mt*i 3 0 2*»v^a^svmioo4*r»u 

tfe^^mi 0 26 *3S4i-* . HI 1 3 <0£<ESS*>» -9 <0* V > V > (4 

, hi oicpiSb-cmffeL.fcipi-ttff-rs. 

b fcg.JO P N =»- Kfc M»**** V T KiW 9 3TT#.< ©«HWH***»-C# 

So 

III .2.b SiBSS 

1 ^ ^ • **** y r • -f • 5 j;rttv^w 

. 7 1404 fc»»»«T ^ti 40 2 **tr. a 

«bfc(t*l 4 0 6(4, MT^ftl 4 0 2lCga§^Sfi83f»l 4 1 
0 «rftfcL-CtBXt§BB»l 4 o 8^A^$tv5. 

SHftSl 4 0 011^- K • 1 4 1 0 tMI^^^ 14 141, 

$tfo r=3 _ K . y_*i4lOI4, e*LT*fc«*1 4 0 4*i3«U!:Hii 




(46) ft&W-l 0-508725 

fiSH-S^a— KfM*l(t#l 4 1 2 frtdti-S. »»Plte«pM^^ 14 14I1S 

"«>^^Wt:*tf«ffl#-f S 4 l 6«r£fiM-S. SflTLfc**l 4 0 

6^#^/i/^tt^f^^ '^/t^^/U' ^^t-^OflS^ (derivative) idJSfai" 5 o 
ID 1 5 Wt*« « HOOi OBflilT-Sft Lfc(t# 1 4 0 6 fcSWS-J-fi^yu* 1 
5 0 2 ^ft^Mft^n y h £^1% 1 5 0 2(1 BIS O/^^ 3 0 2 t R 

tiRiwoajRSr^ri-s^fitt-ty **r • ^/i** whit i 4 o 2— am 
-fs^ s(i7>7tn m^i-m^nsmsewffi^^/^ 1 5 0 2©»*t 

. /^i 50 2liR(ELfc«Et/j:5 8 
@ 1 6f4ft2ffiM#i3£r^1-. ID 1 6 tex^U— Mf^A"* 1 6 0 2« 

0 6©*»*r*i- D ftii 6 0 4(iaSttSt^-c»i*v^ds, g«L,fc«»i 4 0 6 
i&Sn ^^f,r^i — Ht*'<^* 1 6 0 2/cft^^-f KLT#A t PMMB?!I 
Tl*&;h,fcffi|I8«EE&«fc>i\ 4 0 6CD#A t 15 0 2 

fcltttLfc*frR*5«ffi-C«>Srt»Cft*-<-5) o SAT 4 0 6 kftX 

^MMIl 4 1 8T-KSStt6 0 

U FM> PSK, FSK, tSi^^f *^#*«Df^t 9 KWiK 
HI 4(CM$£:, 7^3- K«a»«* l 4 1 2*5«fclMMH*-< S^flNJ-l 4 1 



(47) 



5^^kh»i 4 18H T^-h-mmm^i 4 1 2*femi,xmitt*<f 

M14 1 6«rB#mtti::KIIU x=t~Kffi*l 4 2 0«r 7* = - F« 
»142 OttiJS«*W|l*P^PN3— KfcWIBttlC^ WSO-C, gft Ufc«» 
1 4 0 6 SrtlSffiBBSl 4 0 8"C*ffl-C# Z£ 

te5Lmm& 1 4 o 8X'nfttsftz&mtim\*7*=- k«*i 420 

«tl 4 0 6 ^(7)^@S^^^»$:^tp 0 ttEfeBBoWIBfc^sa^ff^-*'* 
yK«*1 4 2 2lrt*t5. II.A-fe^*>3^T?R*c:l»»LfcJ:5Jc, fflSffigl 

**mi«ic*5^-c, Kfli* 1422ft -u-t'** y r • 7*=-^ 1 

4 2 4t«^ntm^y7«i$^ «W«««*1 4 2 6*r»S. ft 
■MMfMt*l 4 2 6tt5S««^«f««-»t (Ell 001 0 1 

xs<> Kff*l 4 2 2tta— /<^7-f 142 8^fcA*£jh,5. 
7** - 7 1 4 2 8&$trffll*M — ^1 4 2 9 fi, 3.7— ft* 1 4 3 0 

fifcL-C^-J— ^ai-XIMEfePJB^rtBWIB^— ^ 1 4 1 4fc:»{fcU §if Lfc 
ft* 1 4 0 6 ^{iMtC^-T^jl^^-r ^ 14 16 <0BSJS]toffi«^tt&fT 

rfiflfSrffli^riKJ: 9 *«lc«fp£ftS 0 *ne«»tttt, tts^^tr-^ 

9, -*--*f** h«ift»(Nyquest frequency) ttfJH tt^Xv^ g«'>-f- * „ m 




< 48 > 0-508725 
FMmt!) TnMmVft. 7i-X • * K • /u-y (PL L) Jlffi& 

^^Sr7,c-X. k • /v— XJ: DmTKMKieffiU 7x-X- K 

III. 3 2*fctt^-ix«Ji0^d|r^y r • ^-W^yu 

i o<tm - ^ • ^;i/h7 • 17 >r hvo KMt'0 3o<z)t^^^ y 

H17I4, 3o©f^ + y7»4»/CT* (SC GEN/MOD) 17 

0 2, 1704, i 7 o e^u #*^*ft«*^^yr««»tr*i-«^ 
itB//tvLT*«) nt^tyr*±«/«sn«i o 2 2 imttoto-c 

ff^1t$8y — * (VIS: voice information source) 1 7 0 8 ta % % \ <D*y 

-f^-^vrm^r m^-r) <D&m<Dtz$>, mi 1 2 2 a* -cm*-;/** v 

*/2tW» (HI 7TttSC G E N/MOD t SSIS 1 7 0 2^« 

1 7 2 0-60A*t LTttftSixS. 

DDS : digital data source) 1 7 1 0JS, ^2<D^y^-^ x ) T \t^(0^m<n 



(49) 



(Sfcli^*) 1 7 2 4g4T»2©f J 7»4t/M» (Hi 

7TI4SC GEN/MODi*KLT*>5) 1 7 0 4-«^il4. 

T^/HMaHMay-* (CIS) 17 1211 ^3rom + y t«*»b© 

7T'f4SC GEN/MOD iBSSELTfoS) 1 7 06^^5, §2tl 

3 !>t«*», *^+*yr»£»/fflMii 704, i 7 0 6-e# 

xi^uc I s l 7 l 2f±4 > w<*a • ?£?*M*^M«Mr«***-j-s. 

*-?<>*mn, X4r*ja-ij ^/Hf^-( ring signal) ***** 

So *£±*>&»««*roMiiMr!9-, i-fctttoittov^^y -y*»t 

£(£ffl LTi^y^r^ y Tff-f-Sr^ii-ct 5. 

am*M1~7**r!)rm*tt* 3oof^ t y 7 »4i/«Ml 7 02 
, 1 7 0 4, 1 7 0 6**6*1 7 2 8, 1 7 3 0, 1 7 3 2 ftft-CW* $ ft,, 

8081 7 1 4-c-Jd3I£*t,5. «&nft:A-a-i 7 i 6i*-9-7'*-r yr*mKMig 
i o i e^amsix. cc-cm^-f 0 l 4Sr^|SLr^!i»# 

ftLfc^^mi 0 2 6«r*rti-**:»t>tttfflStLS. mtyTw 

asi 0 1 8*»6«**ix*MmF#ft:Lfc*-f s^flr-s-i o 2 6 14. 
«i 0 2 8-M$n, mseLfcj:3ic*j4«fl.i 0 1 2 tLTi§ft$n5 0 

2 o©ft*W4*»*^*^ y t • • ^ w </u* . 5 

S. Bl 8*tOTi 90S*MO»ft7-*f #f tltBl 4 0Mfltfc 
HI 814, ft«tt47tDm«TO. »EfiH*1 4 0 8 i;:*U;:tt<* 
l 4 2 2(4, Hi 4iOH«-CK*Ufc±5K:, Mfftl 4 0 6H^n 



fflO-508725 
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fc^) o ^7>f 1 8 0 2 (Mttf LCS^f; 

fi*-f K • + • 7 (switched capacitor filter)) £ 7 m -X 

. n K ■ A— :X -^^ 1 8 0 4 Ztiim LT lo©*;/** !i7&j(Bt 
6 e o£9, 3oO«&LT, ra«F(diJ|«Six/t:flMiflr*^a5cSn, OUTP 
U T 1 - 3 T-flJfflT*# tC*-5. 

Hi 9fcH«Lfc^*/u»KM-CB:, ffiZftHLfc^-*'<VK«-S§-l 4 2 
2»iT^P^— ^S^/ufcjftB (A/DC) 1 9 0 2^V>tf^^/Kf^ 
&£iT,5o ^^/Ht*^n-fey-J- (DSP) 1 9 0 4, ^Jtl^r^t^TM 
S 3 2 0 C4 0 i^*-*** ^htkM* ^*1r;**N^;*) ^t, 7 

T\ -ff-^1 9 0 3l:xy 3 - K^ttJt 3oOSU/rO^^^^ y T^r^^^/uWtC 
^^^/^I^Lfc1f^fi^v ? ^^--T^n^^ (D/AC) 19 
0 6^V>t7tn^Mf5 o ^ptm^teTitf/lr-TI-u 9 
0 6^Hf lt7to^»^$ft$^ OUTPUTlT'ftlTO:/i 

^bOUTPUT2T*Ig^TO:/j:§ 0 ft^tc, WJ«fS#36Sffl*$ix5A> % 
IV. R*nKMHI 

(«*«ioo8) t-^^^yr^H^lHS (Wttfioie) , ftbwca 



(51) 
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-KfcW^^^ffls («i«l 2 0 8) **tr. CttfeoMMl©** 
». r y K«* 10 10 SfcflftHir?'** 9 TflHj- 1 0 2 

4) #6aH-5**fcLfc#oT«* Mitfm^ S ^ Wl 0 6 4 ) * 

*m;!g$ttsa£4s*>s. 0*9', #»roafias (flitfjoos, 1016 

. Sfcttl 2 0 8) fe^. ftlAA***tt5«S«4 

«tt^-f-*-y-B»Bja«»fe*( blnary . to . tiBie deIay generators) kmtKZ 

0 

-7&T-SS{i|r£*XTV><5MC 100E196ECL (* $ y **** y ^ 

1 5 7 P s (t-=#) u!oi»niait, «*^<-f-*-y-B»waji6****« 

v. iM 

o 

rv>n«, y - *Mmax&mn*mmwrimm#m*-v* set 

fcfto»»Yt#JS9-K^y-^*y (rom) (H*L-CH*^> **tr. 




(52) 10-508725 
rixlci 9 >f • 7 S^SHS l 5 7 tf=»o»*j:0+#TS;b5»J 

y (IP%»«) AAttS:*t^Ps/hT?fc5, fti8l2 0 0 2fi, t£*a>/<-f y 

0y*.tt-**f y a^m i 8 x-n 2002 <o& 201011 ^%<n^ -r 

^Wt!) - «fBBiBffi*fe*Oi±i*»c l 5 7 p s ^>l«nSjCt:X±i~d AfflWft 
AA *«A2Mfil Ofc^fcfcftSi, !6*^<>f -^y -#IB31 

3ffi»fe»tt, ^2 0 0 6 ~C^r J: 5 Ic, I57 ps T?lifc < N Ki5 P 

ffi*&jfti-**:«>U:«\ *»2 0 0 2^2 0l0"C/TlfcJ:5i:, ftBAAtt 
1 8 £A;*7 LT^fMcoilM 1 5 7 p s £$g£-T 5<&^£>£ D 

HUBikf*—*. *fctt-^yhrv^tt, mmitv — k • *-vy — . >^*y (rom 




(53) 0-508725 

h l)—J**<D&mmi «:»31«0^bJEL<IR55iJ-C#5J:5«c-rSjK«d $ fc«- 
1. 3GH z^^ey-iM^A— ^^^^T']MtRLy L c^^^©:^coV^T, 

1 TiSH<0-mG]# hfc»a*o-e'^>«rtj*s/7 Mil 5 7 P s <du? hffl-c 

£>5o *<?JH**3ftS2««^ft5fc, 7 h filial-*: £> 0 o£«9, lk»4b 

ROM**, i»ft»lS:*fctlo (8^H (O^^^^ffl^riatSLTfet, 
HJgftROM^fea - mf«Wl 4 0 8^ffi*-rSR«c:, IELV>1 5 7 p s 

ROMIil 5 7 p s (Dmfa^^y h<Dtz£><Dl 0O8 h&m.t, 15 7ps 

(o^m^^y Y<ntL$><DW,2<ns f * h»ttt *E«i-5o 1 5 7 P scov-;? h 

At>, »*ftROMttSbi:ttfiili:aifi]#«fM^7 KOfcft©8 HMISrE 
*i-S^»^*>S. LT^pWB^h (42tfM» tl57p 

t IS] C t O & # RR-j- 5 r fc Id 60 
V.l 



• « 




^^5^1 0-508725 



L*>U WfctfEll 0O = - WIB*H*i 0 0 8 T£fiSt£ hSWPWF*fcLfc 
^ >?m*k 1 0 2 6 E8r^^^^b^>f 5 ^^«#2 l 0 

2tt, B2 i^ny^0BfcB«UfcJ:5Jw % = - K«PIWE«» 1 0 0 8 X+ft± 

r (O&mm-CKs «HW*<-* 1 0 0 2 3ftS«J« ^ -f S > fit* 1004*3 - K 
y-* 1 0 0 6 -.tti^i-r^o «»*>f 5 ^^«* 1 0 0 411 = - KfflHKM l 

008 rni*r©Wfc«-cr*/<-f y -**maM*£*"c*>*. 

rtfDjHMfl-Clt. =— l 00 6tt7K^'*?^2104i:2o 

^ i| - K • y — . ^^eu (ROM) 2 106, 2ll0S:ttf. 

EJH*'!' 0 0 414, 7K^-*^^2104H^y^ 

h u-c*?^*^*^^ ^ 2105 ^m^-r^o w<o*ifitw-ett, t k 

5 y MI<OT 2 10 5 £tti;ft-t~£>o 

T • 2 10 4*»b«**JxfcT K^2 1 0 5 fcJBv^T P N 

a— FROM 2 1 0 6 £rT^-fe*-r£o ROM 2 1 0 ei^^^^^PN 

y^Ail 1 : pseudo- random noise) K*rlB«i"6« (w*L&*M^ 
E E P ROM, RAM, «>7^^^ *W«MPOtt^> * 9 St«*r««"^* 
5. ) 7K^«*>^2 1 04frbBASHfc#7 K^2 1 0 SttROM 
2 1 0 6<£>fa«n*-— v-a ^*:T*-fc*U ROMIimC^LXPN^- K 
2 108 (1 5 tfs/ hPN3- Kd«a*UV0 ^W^I-r^o (fllSEO*}^ P 

$K5 0 mmtT'-fii*. »MROM2 1 1 0(^7 KU^AA-^7 ( 
iCitttf. 1 6 try h7 KU^H ^«PN = - KROM2 1 0 6^bW*S 



(55) 
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tlZl SVy KPN = -K2 108t, tt«V-*l 0 1 Sfrb&mZtlltl f 

s> h • xi^^/u • r-* ■ y-* (Hi ooio24i:iiauW2 i o ?-c 

s *W*»-CRWLfci5te, r»£»/ajp»i o 2 2*«UB-f8 

1h*+-r!> T4r^WT-#5„ y T**»/«H#i o 2 214 

> UMitR OM 2110^1t*yh - • -r — ^ {g-fs- 2 10 9 #fig 

rom2 1 1 o tmmam* * K>rm*2 112 (mi 201 2 0 6**1* 
Hi3©i 3 0 2K:««L-ao*) fcta^-rs. mmitxm*<t 2 1 

1 2 (4 s t* y v ««xa« l < , =- remsns 1008 (ap*,/^ ±v-mm 
-»«$^s 0 K^w^gffls 1 0 0 s mmt&m** 5 ^ 

^ft*2 1 1 2MttJli^5^fti 0 0 4fc«fM««S*, *ytit 
S^i^/MS^-fc^ 5 >^«-§-2 10 2 Zthtli-Z. 

»ROM2 1 1 014, PN = - KROM2 1 0 6 ^fcB#B3jSJi 

*«rEL<»^ti-5fc«>»c|ftJg^-^«rfEtt1-5o «jfftROM2 1 1 O^ 
«*3*t**-l 5 F«B5^A = - K2 1 0 814, «ROM2 1 1 0 

^mmzmi&£tiz?>i??,i, . t--^ h 2 1 o 7 ©i^iajsewcueffl $H5f 

-fy«tlU»iS«r*toUTV^. r<0^1S^j-C ( 4, 2©15f (2 3, 7 6 8) i 

B2 2tt*#<bROM2 1 1 OSrS-tlftjiH-CfcS. I2 20b^> 3 v 2 
2 0 2 t 2 2 0 4 14, fctfr K £ teffiT K U*TT K $ h«M»{t 
ROM2 1 1 Orttt<OK*n*-^BV*r*fcl,-cv>3. ;c«ttt, **©|E 
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OM2 1 1 0ft»lcEttSnfc7-^li, 2 00^^ n-Jr— >a^2 2 0 

2<r)"r—? t^^r—>3>2 2 0 4 oof- bixS B 

— # (*<!r—iss>2 2 0 2) li, y-'v^/U • x~ ^ • y— *2 1 0 7 AS^j^tf 

^2 2 0 4) jciaissn-cv^a^br-^tt, f^'f^«y^2i 

0 7dS»attO^IC«fflSix5»^k7 ? --^**fc>LTV^o o&9, ROM 
T Kl^^^tlttt'y hiSrMt^fy^^- 7*— * • y — * 2 1 0 7 (DfaWS. 
ti, fimit?— *fi*7* 220 2frhl£tzte7 r xi 2 2 0 4 *»fefcH*S*l 

HMROM2 1 1 0(7)714 1 5flSOT KU^A^^0$n§ 1 5 \fy b<D 
PN^- K2 1 0 814, ^iRLfcn ^r-v-a >-2 2 0 2£fcte2 2 04(Dtj/h 
b W WO if^^R OM d ^r - a y«ftROM2 1 1 O^bW 

* fc. * k«s -r S o 

Sb*^JIlfi«rtt2«OROM<O^Ktt^rIHl«L-CV^-5 0 T KU* - 
2 1 0 4l4*-OPN=-K/»»ftROM^7 KU^Sr»tESA*t5. ( 
^ d NOSirttS P N KI4*ffN«©f y ^4:4tf) 

T&>5 0 12 3m PNa - Kit«ftE P R 0M2 3 0 2 ©H^fcffiV^ 

t, =«-mnB«n«i oo8T±^-r-<#B#r a iiiMfi^^^i-8 hw^t 

«««*2 3 0 4^±^-T5o PN3- KO«fflli3-K^>f 5^2 3 0 6^ffl 

^ton/of Fflj0**.-c#a. Kr*«^4a*icj: 9, «*.HawiiL*: 
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**u^, rK,«a I104t , B „ t6i L*U...,« 

. ^-«VC02 3 0 Bt^ 9 ^^m m2 3 , 0feioT||s 

*l-5 i jl:0*LTfc5, VCO 2 ^ n » w n ^- — 

o. vtO2 3 08 i7-D^ 7 T^ Ig23l0t . s 

• • *n ^ 2 3 a 2tt, T K^*» 2 x 0 4^ 7 K „^ t 

E P R OM 2 3 0 6 (il , . 

IWLfcJ: 5 K, PN = - KfcaJWbE PROM2 3 0 2« W# t MK 
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8 k'y hff#{b«««#2 3 0 4^U -tl^n- KBtHKMBl 0 0 8T' 

«*1 0 0 4 fcJH^TW^««l*2 3 0 4^f B 1fiMf5. = - K*IH 
£fE2§i 0 0 8te, H2 l i(OBBigjc*5V^TBfr3fiL^J:5»c, BSW^/Mff* 
fk*^ ^ >?m%-2 1 0 2£ffi;ft"f 5. 

HI 2 3<C0^LfcSli60j|ra: % FMmty7»2 3 1 8t^t^5 9 
FMt^ y T2EPIS2 3 1 8 J4jEK«S«# 2 3 2 0^^1"5 o jEffift«* 
2 3 2 Of*, ADW3I2 3 2 2T-<-^^> K ■ x^f* • y-* 2 3 4 4 j&*6> 
K • *—y"-(*m^2 3 4 2 t*D»*tL5. K 

• 7w • v-^Jiltfgy— ^ ioi 8^-«tfc5rti:ft*sntv\ 

»DSS§2 3 2 2H/B1 0i:^H«-emSEL^^i:ra«<7>*S-e, ^^^^ y 
TB»|HHE«|| 10 16 ^ft^i-^^p^ff^. 2 3 2 4 *&f)~fZ> 0 << l"</ls* ■ 
7^;*-g«*§-C«#LfcB# % «5E4JxfcjEtttfc«*2 3 2 0 tt>f l^OU* • 7 ^ 
^■*«B-CIB«iffir»4: LT«ffi-Ct5 0 o£ 9 , gf 2 3 tcH^ Lfc-f • 

^2107, IE3£««*2 3 2 0, fci^-^/O K • t-7^t«t 
2 3 4 2 £^tp 0 

HI 2 3©^p 5/^ 2 3 4 411 (Hi 0 b<DmmX*tiifi&LtlX: 5tt 
l^y^-r y T3S£»/2E»a*l 0 2 2tl#ftt5, ifctt^uy* 1018t 
23i8^ii 7fc©BBii^iWr3aSLfcJ:5ft*^^yT«fe«/*P»i 7 0 
2, 1 7 0 4, 1 7 0 6Olotli*x.5:tiS-e#5, 

*e>«iJojH6«^J:tLtf, WScfVZ )vm%qc*4 l 0 2WcU 

Mi 0 2 8^68AAT't?) o CcoHJte^J-rf*, -ris*?-**?— W#-fk* s 38tf 

V.2 SftSS 

W • 7^Sffi»wS feft£lll60!l#|g|2 4(cHj^Lrfc^ 0 -Y y/^ 
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WaB-CJifiL'tV^. H2 4(CEI^LT*)5S«»tt1 i ai:«B8«l 4 0 8, If 7 
^^!17 - 4 2 4, n — :7 1 4 2 8, HSsIfgB$FnV<— * 

14 14, S^^^^«/SfV-^ 24 0 2, WH^V^***-- 
4 0 W ^ci^nir ->-^2 4 0 6 £^tf 0 

**JKffJ(cJ:ixtf, fiJRft-i- (1 4 0 4) l±>f ^/OU* • 7^{f7>ft 
1 4 0 2-C'glf Sft, T^T^tegifL 7^1*1 4 0 6£RFiftI^2 4 0 8- 
RFtf*I^2 4 0 8tt$«L^«-»**l«LfflZffiB88l 4 0 8 ^jR-f. 

KUffMRl 4 0 8 14, 3I»S§2 4 1 0, h5j(fLfc**»4ll2 412,* 
*g^2 4 14, ffl#2§2 4 16, -S-^^/WiSit/*— A^K • b 2 4 1 8, 

jgH^jy h 2 4 2 OSr^tPw fc*s-C#5. ffc»3§2 4 1 0 K"CtW 
+ &OtCiILfc^://l' s Ffli5 (double balanced mixer) X'foZo JH@£ff2 

4 1 Otth y#Lfc*»»£«2 4 1 2-C*J*Ufc^^U- Mf#2 4 2 2 <t 
3t*L^**:lft»ft»C*J|L-rS. f£SI£S2 4 1 0©««2 4 1 5<2tf*MSI2 
4 l 4t?/<y7rSWii^8»«2 4 l 6TB#MWfc«#£*xS. 
*ffj(;L. ^e/t^f^/v (fip-fel 5 7 P s) 0DMt{R<aL^i*W^^— /t'-C/t* 

t-5 ©IdltS i 5 4 1 »o -/^ 7 ^ /V^TfcS. a»»2 4 16lt ft* 2 
4 1 7 cot Q — ^ffi^7j>— ^ K^^^V^^^^TJ 5 ^— ^ K • =*-~y V 2 4 1 8 — 
{f*2 4 1 7$rtti^ii-S 0 

y h 2 4 2 Otal^^/i^ckt^— /V K • =^=- y V 2 4 1 8<OIEL^ 
Y))iS<OtLlb<D=-—y ht*fe5 0 jSJ£^=-5' h 2 4 2 0 fcj; 9 JUgitl 2 4 1 0*5 
£OTi«»2 4 1 4T38&Lfeii5Ei:a»*fi3S«FWdSprtBtC3fc6. lo^IS 
tfijlC^T, iga^y h 2 4 2 0(4, 2 4 1 6 TflSfeLfc tT— ^«[^« 

Ei2i twiaa^iifta L^ii:»x^^^flF-?-<b^-< ^ >^«*2 i o 2^fi8t 
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=?zi— K • ^ K • V— * 2 4 0 2 (l^^-y -B»IB3I 

B*4»2 4 2 4, PNa-K*i(J { »»ftROM2 4 2 6, *5iV7Kl/^- 
ij^^J;(;^^'P^^^n^ 24 2 8 Sr^tf. h • T K 

YyZf -T KU*«*tt, ^^i24 3 0 t 2 4 3 2S*T"7^ * 
D7 f Ptyf2 4 0 6^f)7K^^!>^ftJ:tJ«!l$!xh*n^y^ " ^ D 
.^ 2 4 2 8^tfc*S£ft5. T Kl"*tt. ^24 3 4gST'7 - # * > 

**3j:t/y ^s/F ■ pv^^^ «^d^ 2 4 2 8^feUlASix5. T K^* • * 
£>-*:teJ:tf y dv?s<^ ■ypy^2 4 2 8 tt v IS^TMPfl^-^ 1 

4 1 4KcfcoTiitfc£n5JiJB*>f ?^^fi*i 4 1 6-e>y^t5^, pn 

3- K^i(/WROM2 4 2 6 ICT ^ir^f afc^^T K^^S:«»tS. 

6tco) tt, 2 4 3 6g*TPN3- K*5it;»MROM2 4 2 6 ^blti 
. A $ nt/^ t !) - WflHlKJBtS 2 4 2 4^tt*&£*LSo 1> -WHiME 

3g££§2 4 2 4tt»JB*>f S >>f\% J % \ 4 1 6 (lEgWH^f?^-* 1414^ 

h&m-rz) ^aitfp- k**i 4 2 o&^/s-rso 

2 4 3 8 k % ttBEftMXiHiBlK (VCO) 24 40m> rJxbttWW^'T 5 
4 1 6Srffl*-r6fe*J-ttffl*ix5o «£ESW»«-»tt. 4 4 2i 
St»-7^^P7 P otyt2 4 0 6^f)VCO2 4 4 0^^tl'C, 

z<nnmmx'\z. ^7*** y 7««»i 4 2 4 it, /<yK^7^;^2 4 4 

4 % 7x-X- n-/^ K -A— :X2 4 4 6, Jbl^o-^ - 7^^244 8 
*r*tf. 7=i-X • p K • 7^2 4 4 6 T?*tT$*u<5««Bli, Hl8^ 

f(07x-X • P y ^ K • Af- 7 (2 0 0 4) "CUff £tl%ffli1&t ^flfi-CfcS. 
:Og^, y<>- K'<*7-f/u* 2 4 4 4li:7>f /U* Lfc^f^-2 4 4 5$r^^ — X 
• o y * K • yi^— "X2 4 4 e^ffi^l-fco 7x-X • p y ^ K • >u— ^2 4 4 6 




(61) »*TlO- 5 0 8 7 2 5 

tt, S6>tc33iJOo-/^7-f 2 4 4 9a6"t?Hffi^SBSfS*2 4 4 7 * 
P^Btyf 2 406^U»t6. Htt^SHB » 2 4 4 7 I*, -^^P^n-fey 
f 2 4 0 7l:»Ltf^ + y roaao^fflSrWJ&U W^^tyt2 
4 0 6tt«*o i/^Op°p®^I¥{ffiT'#^ 0 7x-X- Py* K • 4 4 6 

<fc«Waj;fi«*2 4 5 0Ho-/^ • 7 4^9 2 4 4 4 fr9 £*U w<7)7 

i24om^y r nam 1424 t m 1 4 1 <nm 
a(c*5v>-c«93fiu^o^imft(cwi:-cfc*. mhp/^—^i 4 2 91101 4 to* 

btzzv?** y ragwtt. s fi>9/\' - 9 <nmu-* ^ * * * — w*fl: 

ffi*B*W^<^-^^a»»»(integral submultiple) ^fcttflSM-^— ROSSIS 
(integer multiple) fc» LV^JUJRR^^^/MffRfe^^ h + r*Uc:<fc«9. 

2 4 5 0*3 J: t/T^n ^ • -r^Tzc** — ■ J f^—9 f 2 4 5 2 Sr^fro 
K'<* 7^/^ 2 4 5 0 Jit@£tBM3§ 1 4 0 8 *>> KflT* 1 4 2 2* 

Sif-T^o V4fl'9 U7t-<-^^> K«f 2 4 5 4|j:7fo^« — 
• 4 5 2— »*&$ix5 0 T-Tvlf ■ — • T^-^2 4 5 

(t) MSE^/O Ft LTH^LTfc*. Sfc**El2 5 I a»fcBI2 5Ltt 
B2 5E^bH2 5H«C#/Ci-6H«»#S« (P*fc(ilogP) 
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VI. «ffil^^*^^-SEH 

x-* ■ ^*H3«t r i j £*:attB4K ro j ©*v*£*M*£dM-s»fr 
co-e, ;oj:5^ r i j £fcti r o j wft^£*yo<B(6«S^*/i'^— ttn— 

* • 7>r^^ 1 4 2 8CStl, ^7— • /U— ^1 4 2 9fcffifi^7~£*Ai"5 

(XOR) £*i£<fc 5 ^^P^st^^tPo • • ^fAT-vy 

fi^^-flf<bMt60(i, x* n y * fc^TfcTffiffiK* 

K (2418) ^60«EttH]»!2 x* py^-effljfh, n— • :7-</U* 

ryfx^^- 26HStl!ftt, ^D^-^-fo (NRZ : non- return -to- ze 
ro) f*^*>Ht**y tf n (RZ : return-to-zero) (M—SCfftLT 




